A new heterogeneous catalyst was prepared by intercalation of NNOO donor Cu(II) Schiff base complex derived from 2-hydroxy-1-naphthaldehyde and 4-amino benzoic acid into Zn-Al layered double hydroxide {LDH-[NAPABA-Cu(II)]}. Synthesized catalyst was characterized by Inductively coupled plasma atomic emission spectroscopy, energy dispersive X-ray analysis, scanning electron microscopy, X-ray diffraction, Transmission electron microscopy, BET surface area, Fourier transform infrared spectroscopy, thermo-gravimetric analysis, electron paramagnetic resonance spectroscopy and diffuse reflectance UVvisible spectroscopy. The catalytic performance of LDH-[NAPABA-Cu(II)] was studied for the liquid phase solvent-free oxidation of ethylbenzene at 393 K, using tert-butylhydroperoxide as an oxidant. In oxidation reaction ethylbenzene was oxidized to acetophenone, benzaldehyde and benzoic acid. The major product was acetophenone. A maximum, 80.54% conversion of ethylbenzene was observed after 7 hours. The catalyst was recycled seven times without significant loss of catalytic activity.
Introduction
Selective oxidation of ethylbenzene to acetophenone is an important industrial process. The oxidation product, acetophenone, is an important intermediate and has been widely used for the synthesis of many chemicals such as perfumes, pharmaceuticals, resins, alcohols and esters.
1,2 The current industrial process involves oxidation of ethylbenzene to acetophenone in the presence of molecular oxygen using cobalt acetate as homogeneous catalyst in acetic acid. 3 This method suffers from a corrosive and environmentally unfriendly nature. 4 Furthermore, many homogeneous catalytic systems were developed for the oxidation of ethylbenzene which give high conversion and selectivity. [5] [6] [7] [8] Most of these catalysts are having certain drawbacks like difficulty in separation of catalyst at the end of reaction for reuse as well as decomposition during the catalytic reaction. Therefore, heterogenization of homogeneous metal complex on insoluble support to develop new heterogeneous catalyst using various methods has attracted a lot of attention. Considerable researches have devoted to nd efficient heterogeneous catalysts for the selective oxidation of ethylbenzene using various supports such as silica, polymers, MCM-41, SBA-15.
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A variety of copper(II) salts is suitable as catalyst or catalyst precursors 14 because being a transition metal, Cu-based materials can promote and undergo a variety of reactions due to its variable oxidation states. In particular, Schiff base complexes of copper(II) have been used as catalysts in the oxidation of alkenes, alkanes, alcohols, alkyl aromatics and sulphides. [15] [16] [17] [18] [19] [20] Many Cu(II) based catalysts were used for the oxidation of ethylbenzene using various oxidants. T. H. Bennur et al. 21 have reported copper tri-and tetraaza macrocyclic complexes encapsulated in zeolite-Y as heterogeneous catalysts for the oxidation of ethylbenzene to acetophenone using molecular oxygen. The system gave 13.4% conversion of ethylbenzene with 73.3% selectivity to acetophenone aer 5 h. S. Gago et al. 22 have reported catalytic activity of MCM-41 supported bis-chlorocopper(II) complex for oxidation of ethylbenzene with tert-butylhydroperoxide as an oxidant. The maximum 62% conversion of ethylbenzene was achieved aer 24 h. M. Palanichamy et al. 23 have prepared (Cu-BTC) metal organic framework (MOF) for oxidation of ethylbenzene with tert-butylhydroperoxide as an oxidant. The maximum 28.26% conversion of ethylbenzene with 95.7% selectivity of acetophenone was observed aer 6 h. M. R. Maurya et al. 24 have reported polymer anchored copper(II) complex of 2-(ahydroxymethyl)benzimidazole, {PS-[Cu(hmbmz) 2 ]} for oxidation of ethylbenzene. M. R. Maurya et al. 25 have synthesized polymer supported oxovanadium(IV), dioxomolybdenum(VI) and copper(II) complexes for the oxidation of styrene, cyclohexene and ethylbenzene using 30% H 2 O 2 as an oxidant.
The transition metal complex intercalated into layered compounds by intercalation method is better because it provides temperature and solvent stable entities. Layered double hydroxide (LDHs) is found to be interesting for us because it is inorganic material with a layered structure which acts as anionic clays or hydrotalcite-like compounds. 39, 40 In most of cases LDH has been prepared by co-precipitation methods. 34, 35 In previous studies we have reported layered material supported recyclable heterogeneous catalysts for the oxidation of cyclohexene, cyclohexane and styrene.
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In continuation of our interest, herein, we are reporting the synthesis of Cu(II) Schiff base complex derived from 2-hydroxy-1-naphthaldehyde and 4-amino benzoic acid NAPABA-Cu(II) intercalated into layered double hydroxide, abbreviated as LDH-[NAPABA-Cu(II)] and its catalytic behaviour was studied for oxidation of ethylbenzene using tert-butylhydroperoxide (TBHP) as an oxidant.
Experimental methods

General considerations
4-amino benzoic acid, 2-hydroxy-1-naphthaldehyde and sodium hydroxide were all of analytical grade and purchased from E. Merck. The 70% commercial aqueous solution of TBHP also purchased from E. Merck. HPLC grade ethylbenzene purchased from SDFCL and its purity was checked by gas chromatography (G. C.), to ensure that no oxidation products were present. A stock solution of TBHP in ethylbenzene (72% in ethylbenzene) was prepared by extraction of 55 ml of commercial TBHP (70% in water) into 15 ml of ethylbenzene. Phase separation was promoted by saturation of the aqueous layer with NaCl. The organic layer was dried over MgSO 4 , ltered, and stored at 5 C. The molar ratio of ethylbenzene to TBHP in this solution was 1 : 3. Powder X-ray diffraction (XRD) patterns of the samples were recorded on a Rigaku diffractometer in the 2q range of 2-70 using CuKa radiation (l ¼ 1.5418Å) at scanning speed 2 per minute with step size 0.02 . Scanning electron microscopy (SEM) measurements were performed using a JEOL JSM 6100 electron microscope, operating at 20 kV. 
Preparation of neat NAPABA-Cu(II) complex
The Cu(II) Schiff complex was synthesized by dissolving 4-amino benzoic acid (10 mmol) into a 50 ml the methanolic solution of NaOH (20 mmol) followed by addition of the methanolic solution of 2-hydroxy-1-naphthaldehyde (10 mmol (6.25 g ) was prepared in decarbonised water having Zn-Al molar ratio 3. To this mixture, a solution of 4-amino benzoic acid (10.86 g) and NaOH (7.8 g) in decarbonised water was added with continuous stirring. Immediately a gel like mixture was obtained, which was digested at 348 K for 48 h. Upon cooling, the product was isolated by ltration, washed with water followed by methanol and the solid was dried at 333 K overnight.
Preparation of ligand {LDH-[NAPABA]}
The ligand was prepared by mixing LDH-[NH 2 -C 6 H 4 COO] (1.0 g) with the methanolic solution of 2-hydroxy-1-naphthaldehyde (0.48 g, 2.8 mmol); the solution became yellow due to imines formation. The resulting mixture was reuxed for 3 h with continuous stirring under nitrogen atmosphere. The yellow product was ltered off, washed with methanol followed by acetonitrile and then dried at 333 K overnight.
Preparation of catalyst {LDH-[NAPABA-Cu(II)]}
The catalyst LDH-[NAPABA-Cu(II)] was prepared by incorporation of Cu(II) into the ligand {LDH-[NAPABA]}. Firstly ligand, LDH-[NAPABA] (1 g) was suspended in 50 ml methanol followed by addition methanolic solution of Cu(OAc) 2 $H 2 O (0.25 g) under continuous stirring. The mixture was reuxed for 4 h under nitrogen atmosphere. Aer cooling, the solid was ltered and washed with methanol. The resulting solid was soxhlet extracted using methanol followed by acetone and acetonitrile to remove excessive ligand and metal salt remained uncomplexed in the host layer as well as on the surface and dried at 333 K overnight.
Oxidation of ethylbenzene
Oxidation of ethylbenzene over LDH-[NAPABA-Cu(II)] catalyst using tert-butylhydroperoxide (TBHP) as an oxidant was carried out under solvent-free condition in a three-necked round-bottom ask. In a typical run, a three-necked round bottom ask was loaded with ethylbenzene, TBHP (72% TBHP in ethylbenzene) and catalyst at required temperature in an oil bath for 7 h with continuous stirring using Teon needle on magnetic hot plate. Aer completion of the reaction, the catalyst was separated by ltration and washed several time with methanol followed by acetone. Then the catalyst was dried at 333 K for further use. The oxidation products were qualitatively as well as quantitative analysed by GC-MS spectrometer and GC spectrometer using XE-60 ss column. The GC-MS analysis revealed that the main products were acetophenone and benzaldehyde. Selectivity of products was calculated with respect to the converted ethylbenzene using internal standard method. The internal standard was dodecane. The percentage conversion of the substrate, the percentage selectivity and turn over number of the products in the oxidation reaction are calculated as.
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Substrate conversion (%) ¼ substrate converted (moles)/substrate used (moles) Â 100
Turn over number ¼ mmol of products/mmol of catalyst
Separation of acetophenone
The reaction mixture of ethylbenzene oxidation was collected and concentrated under reduced pressure. The concentrated mixture was dissolved in 15 ml of ethanol. Then 1 mmol Zn granules were added, and the mixture was stirred for 30 min at room temperature and ltered. Aer ltration, the solvent was removed under reduced pressure followed by extraction of concentrated mixture with saturated NaHCO 3 solution to remove benzoic acid, if any. Then mixture was washed with water, followed by extraction with ether. Fig. 3 having hexagonal ake like structure with aggregates. The particle size varied from 2 to 10 nm, which was consistent with the results of XRD. This average particle size is similar to the range calculated using the Scherrer equation.
The On the basis of decomposition temperatures, it can be inferred The EPR spectra of heterogeneous catalyst, LDH-[NAPABACu(II)] recorded at room temperature shown in Fig. 6 . The spectra exhibit anisotropic signal, without any hyperne splitting, with g k ¼ 2.13, g t ¼ 2.03 and g av ¼ 2.08. The trend g k > g t > 2.00 indicates the covalent environment of metal ion with the Schiff base in which the unpaired electron is localized in d x 2 Ày 2 orbital of the Cu(II) ion and copper is present in +2 oxidation state. 57 Furthermore, the Cu(II) complex exhibits a G value [G ¼ (g k À 2.0023)/(g t À 2.0023)] of 4.33, which is slightly higher than 4, indicating no exchange interaction in the copper(II) complex. 58, 59 Thus, a square planar environment was proposed for the complexes.
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The DRUV-Vis spectra of LDH-[NH 2 
Catalytic activity studies
Oxidation of ethylbenzene
The oxidation of ethylbenzene was investigated using LDH- and NAPABA-Cu(II), under similar reaction conditions, gave acetophenone, benzaldehyde and benzoic acid. It is notable, no oxidation products were observed in the aromatic ring of the ethylbenzene. The catalytic performance of catalysts was assessed based on conversion of substrate and selectivity of the products.
It was observed that LDH-[NAPABA-Cu(II)] gives more conversion of ethylbenzene than that of NAPABA-Cu(II) ( Table 2) . The inferior activity shown by homogeneous catalyst may be attributed to its partial solubility in reaction mixture. The LDH shows high adsorption capacity which make them effective supports for the immobilization of catalytically active species, NAPABA-Cu(II) in to the layers. 61 Furthermore uniform dispersion of M(II) and M(III) cations in the LDH layers, and preferred orientation of anions in the interlayer, is useful properties to use LDH as precursors for the preparation of stable supported catalysts.
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The catalytic oxidation of ethylbenzene, catalysed by LDH-[NAPABA-Cu(II)]/TBHP system is explained in Scheme 2.
To obtain maximum conversion of ethylbenzene, optimization of various parameters viz. effects of oxidants, solvents, concentration of TBHP, catalyst concentration and reaction temperature have been studied in detail.
In order to optimize ethylbenzene oxidation various parameters viz. effects of oxidants, solvents, concentration of TBHP, catalyst concentration and reaction temperature have been studied in detail.
The effect of various oxidants viz, H 2 O 2 , O 2 , 70% TBHP and 72% TBHP in ethylbenzene was investigated for the oxidation of ethylbenzene. The results are listed in Table 2 . When molecular oxygen (O 2 ) was used as the oxidant, the conversion of ethylbenzene (25.1%) was less due to easy expulsion of O 2 from the reaction mixture. When H 2 O 2 was used as the oxidant, no conversion was observed due to the high exothermic nature it was decomposed easily and evolved oxygen rapidly. In case of 70% TBHP the conversion of ethylbenzene (28.5%) was less due to interference of water in the reaction whereas 72% TBHP in ethylbenzene gave maximum conversion of ethylbenzene (80.5%). Hence, it was considered as best oxidant for our catalytic system.
The effect of various solvents (acetonitrile, acetone, methanol and dichloromethane) on the oxidation of ethylbenzene catalyzed by LDH-[NAPABA-Cu(II)] was studied to develop an efficient solvent system. It was observed that the conversion of ethylbenzene decreased in the following order with different solvents; 55.0% dichloromethane > 53.8% acetonitrile > 23.3% acetone > 5.8% methanol ( Table 2 ). The result indicates that the aprotic and chlorinated solvents favoured the conversion of ethylbenzene. The major product in the oxidation of ethylbenzene in all solvents except dichloromethane and methanol was acetophenone. The acetophenone selectivity on different solvents decreased in the following order; acetonitrile (60.16%) > acetone (57.90%) > dichloromethane (36.31%) >methanol (26.52%) ( Table 2 ). The selectivity of benzaldehyde and benzoic acid were favoured in protic and chlorinated solvent while the selectivity of acetophenone was favoured in aprotic solvents.
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These results indicate that dipole moments of the solvent may play an essential role in the oxidation of ethylbenzene. It was observed that in presence of solvents conversion of ethylbenzene was decreased due to the blocking of active sites by solvent molecules or may be diffusion competition between solvent and substrate molecules for the active sites. However, the reaction under solvent-free conditions gave higher selectivity and more catalytic activity than in the presence of a solvent. The effect of concentration of TBHP was studied by considering three different molar ratios (1 : 1, 1 : 2 and 1 : 3) of ethylbenzene to TBHP on the oxidation of ethylbenzene under solvent-free condition at 393 K for 7 hours. The results are given in Table 3 and in Fig. 8A . It was observed that the conversion of ethylbenzene gradually increases with increasing ethylbenzene to TBHP molar ratio from 1:1 to 1 : 2, the conversion increases from 45.9 to 67.5%. Further increasing molar ratio to 1 : 3 conversions also increases to 80.5%. At all molar ratios acetophenone (99.60%) was the major product. The conversion of ethylbenzene was increases by 13.1% when ethylbenzene to TBHP molar ratio from 1 : 2 to 1 : 3. Therefore, we have considered 1 : 3 molar ratio of ethylbenzene to TBHP as optimum.
The effect of catalyst concentration on the oxidation of ethylbenzene under solvent-free condition was studied by considering four different concentration of catalyst (50, 75 and 100 mg) at 393 K for 7 hours. The results are incorporated in Table 3 and in Fig. 8B . It was observed that when the concentration of catalyst increases for 50 to 100 mg, the conversion of ethylbenzene was increases from 65.7 to 80.5%. The conversion and selectivity was low at lower catalyst concentration due to the insufficient active sites of catalyst, while the conversion and selectivity increases when the catalyst concentration reaches to 100 mg. It was probably due to the active sites released great amount of nascent oxygen, which ultimately proceeded to vigorous oxidation reaction. Acetophenone was the major product at all catalyst concentrations. Thus, 100 mg catalyst concentration considered as optimum.
The temperature plays an important role in catalytic reactions hence we have studied the oxidation of ethylbenzene at three different temperatures (353, 373 and 393 K). The results are incorporated in Table 3 and in Fig. 8C . It was observed that initially when temperature increases from 353 to 373 K conversion of ethylbenzene increases from 69.6 to 77.5%.
Further increase in temperature to 393 K conversions also increases to 80.54%. It may be due to the increase of effective collision of substrate at higher temperature. Thus, 393 K is considered best temperature for reaction. At all reaction temperatures acetophenone was the major product. Thus, overall optimum conditions to obtain maximum conversion of ethylbenzene are 1 : 3 molar ratio of ethylbenzene to TBHP, 100 mg catalyst and 393 K temperature.
We have also compared our present catalytic system with the literature catalysts to nd out the novelty of our catalyst. In Table 4 , we have compared present work with the literature catalysts. [21] [22] [23] [24] [25] The catalyst and applied method in this paper has the advantages in terms of heterogeneous nature, better conversions, selectivity and reusability of the catalyst.
Mechanism for ethylbenzene oxidation
Mechanism for the ethylbenzene oxidation was investigated by quenching experiment using radical scavenger 2,6-di-tertbutyl-4-methylphenol (BHT), as a quenching reagent. The reaction was carried out under optimized reaction conditions aer completion of 1 h of reaction, BHT was added and the reaction was continued for next 7 h. The gas chromatographic analysis showed no further increase in conversion of ethylbenzene aer the addition of BHT. This clearly indicates that oxidation of ethylbenzene by tert-butylhydroperoxide appears to be a radical process because addition of BHT, a radical scavenger, inhibited the formation of any product in the oxidation reaction. Oxidation of ethylbenzene with TBHP catalyzed by LDH-[NAPABA-Cu(II)] probably proceeds via free radical mechanism (Scheme 3). In rst step metal centre of catalyst LDH-[NAPABA-Cu(II)] acts as an initiator in the homolytic cleavage of t-BuOOH into free alkoxy (t-BuOc) and alkylperoxy radicals (t-BuOOc). In second step, alkylperoxy radicals attack on ethylbenzene to convert it into 1-tert-butylperoxyethylbenzene. In the next step, 1-tert-butylperoxy ethylbenzene leads to the formation of acetophenone, benzaldehyde and benzoic acid. Acetophenone is formed by dehydration while benzaldehyde by losing methanol from 1-tert-butylperoxyethylbenzene. Benzaldehyde on further oxidation gives benzoic acid. Dehydration reaction involves lower energy pathway than the elimination reaction therefore acetophenone was major product (Scheme 3).
Hot lter experiment
The heterogeneity of the catalyst has tested for the oxidation of ethylbenzene by hot lter experiment. The catalytic reaction was carried out under optimized reaction condition during reaction the catalyst was ltered out aer 1 h in rst cycle at 393 K to avoid re-adsorption of leached copper onto the catalyst surface. The ltrate collected aer 1 hour of rst cycle was placed again into the reaction ask and the reaction was continued for next 7 h. The gas chromatographic analysis showed no further increase in conversion of ethylbenzene. The reaction mixture did not exhibit any colour indicating the absence of copper, which was estimated using ICP-AES. It suggested that no copper leaching occurred during the catalytic reaction. This observation indicates that the catalyst is heterogeneous in nature.
Recycling of catalyst
The reusability of the heterogeneous catalyst is a key factor from commercial and economic points of view. In order to check the reusability of the catalyst recycling experiment was performed under optimized reaction conditions. Aer the completion of reaction, the catalyst was separated from the reaction mixture by ltration, washed several times with methanol, acetonitrile followed by acetone. The washed catalyst was dried at 333 K overnight to remove the adsorbed solvent molecules from the catalyst surface and then it is further subjected for consecutive catalytic cycles. The catalyst, LDH-[NAPABA-Cu(II)] was recycled for seven cycles for the oxidation of ethylbenzene. The conversion of ethylbenzene was dropped from 80.5 to 77.4% aer seven cycles (Fig. 8D) . The conversion of ethylbenzene was reduced by 3.1% from rst to seven cycles. The recycling results indicate that the catalyst was stable during catalytic reaction and suitable for recycling. The recycled catalyst was characterized by BET surface area, ICP-AES, XRD and EDX.
phase selective oxidation of ethylbenzene with TBHP under solvent-free condition. The heterogeneous catalyst was found to be highly active as compared to its homogeneous counter parts in our experimental conditions. In the oxidation of ethylbenzene, acetophenone was obtained with 99.60% of selectivity and 80.5% conversion of ethylbenzene under optimized reaction conditions, representing a very promising result. Acetophenone was the major product and can be isolated from reaction mixture with 92% purity. Essentially pure acetophenone was isolated in 80.21% yield. The catalyst was heterogeneous, stable and can be recycled up to seven cycles without signicant loss of catalytic activity.
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